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9CHAPTER 9
9 Individual variation in temporal relationships between stress andfunctional somatic symptoms.A van Gils, C Burton, EH Bos, KAM Janssens, RA Schoevers & JGM Rosmalen.
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Background: Medically unexplained or functional somatic symptoms (FSS) constitute a 
major health problem because of their high prevalence and the suffering and disability they 
cause. Psychosocial stress is widely believed to be a precipitating or perpetuating factor, yet 
there is little empirical evidence to support this notion. Prior studies mainly focused on 
comparing groups, which has resulted in the obscuring of temporal complexity and 
individual differences. The aim of this study is to elucidate the relationship between stress 
and FSS over time within individual patients.  
 
Methods: Twenty patients (17 females, ages 29-59) with multiple, persistent FSS were 
included in the study. They used electronic diaries to report stress and FSS twice daily over 
the course of 12 weeks. For each individual data set, Vector autoregressive (VAR) modelling 
was used to investigate possible associations between daily average stress and FSS scores.  
 
Results: In six subjects (30%), an increase in stress was followed by an increase in one or 
more FSS. In three subjects (15%), an increase in FSS was followed by an increase in stress. 
Additionally, negative and mixed associations were found. Only two subjects (10%) showed 
no cross-lagged association between stress and FSS in either direction. We did not find 
specific types of symptoms to be more stress-related than others.  
 
Conclusions: Although stress does not seem to be a universal predictor of FSS, an increase 
in stress precedes an increase in symptoms in some individuals. Identifying these individuals 








Approximately 20% of newly presented physical complaints in primary care are not caused 
by medical disease (1-3). In hospital settings this proportion is even higher: around 30-50% 
of physical symptoms cannot be (fully) explained by organic pathology (4-6). These 
symptoms are referred to as medically unexplained or functional somatic symptoms (FSS). If 
FSS are persistent, they can cause considerable suffering and disability. FSS are associated 
with repeated referrals and medical investigations, which are often unhelpful but produce 
extensive costs (7, 8). Even though FSS clearly represent a major health problem, their 
etiology is largely unknown. Among clinicians, psychosocial stress is widely believed to be a 
precipitating or perpetuating factor in FSS, but is this notion supported by evidence? 
 
Epidemiological research shows that people who suffer from FSS report more stressful life 
events (9-12) and daily hassles (13-15) than controls. However, these findings are almost 
exclusively based on cross-sectional studies. Inherent to the design of these studies is the 
use of retrospective questionnaires, which are often subject to recall bias. Moreover, these 
studies were not able to adequately assess temporal precedence, which is one of the criteria 
to establish a causal relationship: the cause must precede the effect in time (16). 
Furthermore, these studies all analysed the association between stress and FSS at a group 
level. A small association at the group level is often interpreted as clinically irrelevant. But it 
might also mean that stress is highly relevant for a subset of patients and not related to 
symptoms in the other patients, which would be reflected in a small average effect for the 
group as a whole. Especially in the heterogeneous group of patients with FSS, such 
individual differences should not be obscured. Diary studies using repeated measurements 
to evaluate associations between stress and FSS within individual subjects over time can 
address these problems. A few of these studies have been performed, indicating that an 
increase in stress predicts an increase in FSS within subjects (17, 18). These studies however, 
are limited by their short duration and specific study population. Overall, no conclusive 
evidence has been provided to support the notion that FSS arise as a consequence of 
psychosocial stress. In addition, one of the diary studies showed that certain patients 
experienced an increase in stress following an increase in FSS (17). The possibility of reverse 
or bidirectional causality is rarely considered, but seems to be in accordance with the finding 
that persistent unexplained symptoms are associated with worries and health anxiety (19, 
20). 
 
The aim of this study was to investigate relationships between stress and FSS within 
individual patients over time by re-analysing data from a diary study that was performed in 
patients with multiple, persistent FSS (21). In that study, multilevel analyses were used to 
investigate concurrent associations between psychological states and FSS. Stress was weakly 
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associated with FSS in the group as a whole. However, the researchers found evidence for 
large differences between individual patients, as reflected by the random effects. This 
suggests that stress might be a significant predictor of FSS in some subjects, but not in 
others. Yet, these individual differences could not be disentangled with the multilevel 
analyses applied. Therefore, we took a completely different approach: instead of comparing 
subjects to each other, we investigated the relationship between stress and FSS purely within 
individuals using time-series analyses. This also enabled us to examine temporal precedence 
and consider the possibility of bidirectional associations. Vector autoregressive (VAR) 
modelling was used to analyse the associations between stress and FSS within each 
individual patient. These analyses were performed on data collected by 20 patients with 
twice daily reports of 3 different FSS over the course of 12 weeks. For each individual we 
evaluated 1) whether there was a significant association between stress and FSS and 2) the 
direction of this association. We hypothesized that stress precedes FSS in some individuals. 
At the same time it seems likely that some individuals will experience stress because of their 
FSS. Since different types of FSS were reported, we also investigated whether some FSS are 





The current study consists of secondary analyses of data from a sample of patients with 
multiple, persistent FSS. Electronic diaries were used to collect data on stress and FSS twice 
daily. The target duration of data collection was 12 weeks. Data were collected between 
January 2004 and February 2006. Since a detailed description of the original study protocol 
can be found elsewhere (21), a summary of the methodology is provided below.  
 
Participants  
Participants were recruited through medical practitioners (general practitioners as well as 
medical specialists) and local media in southwest Scotland. Inclusion criteria were 1) age 
between 21-65 years and 2) regular experience of at least three symptoms that affected at 
least two bodily systems, which were inadequately explained by organic pathology. In order 
to assess the latter, information on medical history was acquired. Exclusion criteria were 1) 
history of severe physical illness such as cancer, coronary heart disease or active 
inflammatory disease, 2) continuing investigations to rule out organic pathology, 3) new or 
severe depression (including thoughts of self harm and recent start of an antidepressant) 
and 4) incapacity to comprehend or complete the diary and attend two clinic appointments. 
Patients with past or stable depression (unchanged antidepressant treatment for > 3 
months) and those taking antidepressants for physical symptoms were not excluded. 
Approval for the study was given by Dumfries and Galloway Local Research Ethics 
 
 
Committee. Written consent was obtained from all participants after explanation of the 
study. Patients were not paid for their participation. 
 
Participants were selected from 54 referrals. Sixteen patients were referred by their doctors, 
38 were self-referred. Twenty-seven patients (50%) were excluded or withdrew during the 
screening phase. Twenty-seven patients were enrolled in the study. One of these withdrew 
after 4 weeks without a specific reason. Data from 5 participants were discarded due to 
excess (>25%) missing data. One participant was excluded because of poor compliance with 
the times of data entry, leaving 20 participants whose data were suitable for analysis. 
 
Electronic Diary Measures 
The study diaries were designed to run on standard handheld personal digital assistant 
(PDA) computers running the Palm™ operating system. Data input was by stylus on a touch-
sensitive screen using a Visual Analogue Scale (VAS) with a range between 1 and 150. 
Participants were given a brief demonstration on how to use the diary. Subsequently, a test 
entry was completed under supervision. Participants received written instructions, but the 
diary was designed to be used after minimal training (22). Twice daily data entry was 
prompted by an audible alarm at agreed times, with the first entry in the late morning or 
early afternoon and the second entry in the evening. At the end of each entry session, data 
were date- and time-stamped and automatically stored.  
 
FSS. During the recruitment interview, participants were asked to indicate their symptoms 
from a list of 14 symptoms (muscle pain, joint pain, back pain, headache, abdominal pain, 
pelvic pain, bowel symptoms, dyspepsia, nausea, tight throat, chest pain, weakness, 
numbness and palpitations). When more than three complaints were reported, the three 
most severe or frequent symptoms were selected. Consequently, these three symptoms were 
assessed using the electronic diary. Diary questions with regard to FSS were phrased as 
follows: “How much have you been bothered by symptom X? Please mark a point on the line 
between severe symptom X and no symptom X at all.” (1-150). Instead of creating an FSS 
sum score for each individual, the three FSS of each subject were analysed separately, 
because preliminary analyses revealed that the time series of different FSS in the same 
subject often showed a different course. To answer the question whether certain FSS are 
more stress-related than others, FSS were divided into four clusters, based on factor analyses 
of previous studies: musculoskeletal (muscle pain, joint pain, back pain, weakness, and 
numbness), gastrointestinal (abdominal pain, nausea, bowel symptoms, dyspepsia, and 
pelvic pain), cardiopulmonary (chest pain, tight throat, and palpitations), and general FSS 
(headache) (23, 24). 
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Stress. The perceived level of stress relating to the subject’s environment was assessed with 
the following question: “How stressful are people and things around you? Please mark a 
point on the line between very stressful and not stressful at all.” (1-150). 
 
Other Measures. Besides the main variables of this study, the diary also contained questions 
on depression, anxiety, and illness concern. Similar to stress and FSS, these variables were 
assessed with a single question, using the same VAS scale. In the current study, these 
variables were used exclusively for the imputation of missing values. 
 
Statistical Method 
For each individual data set, all missing values were imputed using the Expectation 
Maximization method in SPSS 20. The following variables were used in the imputation 
model: time (date), day of the week, time of measurement (morning/evening), FSS, stress, 
depression, anxiety, illness concern and the lagged (= preceding) values of the last five 
variables (25).  
 
To investigate the within-subject relationships between stress and FSS over time, VAR 
modelling was applied to the time series of individual subjects (26, 27). These analyses were 
performed in STATA 11. Instead of building statistical models for groups based on data 
obtained from multiple individuals, VAR models are estimated for each individual separately 
based on data obtained at multiple time points. Consequently, the power of VAR analyses is 
determined by the number of observations within subjects. Simulation studies have shown 
that VAR analyses can be done with as much as 30 observations, although larger time series, 
like the ones in the current study, yield more reliable results (27). 
 
A VAR model is a multivariate autoregressive model that consists of a set of regression 
equations (26). It is not necessary to decide beforehand which variable is the predictor and 
which is the outcome. In the current study, each VAR model consisted of a set of two 
regression equations, one equation with FSS as the outcome and one with stress as the 
outcome. In both equations, the outcome was predicted from FSS at preceding time points 
and stress at preceding time points. The two equations were simultaneously estimated, thus 




VAR modelling requires equal distances between observations. Because most individual data 
sets did not meet this requirement, we created daily values by computing the mean of the 
two values of each day for stress as well as FSS. Since our interest was not in the mutual 
connections among the different FSS, we decided to analyse the associations with stress for 
each symptom separately, producing three models per subject. As mentioned, stress and FSS 
were both predictors as well as outcomes, which is why they are called ‘endogenous 
variables’. Also added to the model were so-called exogenous variables, which can influence 
the levels of stress and FSS, but cannot be influenced by these variables. Time (date) was 
included as an exogenous variable, to correct for a potential (increasing or decreasing) trend 
over time. Days of the week were included to correct for a potential weekly rhythm in the 
time series. If an exogenous variable did not significantly contribute to the model, it was 
excluded. Next, we determined the number of time lags that should be included in the 
model. This is the number of preceding time points that contain relevant information on 
current values. The appropriate number of time lags was determined using the following 
information criteria: Likelihood Ratio test (LR test), Final Prediction Error (FPE), Akaike 
Information Criterion (AIC), Hannan-Quinn Information Criterion (HQIC), and Schwarz’ 
Bayesian Information Criterion (SBIC). We used the number of lags that was indicated by the 
majority of the information criteria (27). If there was no majority, we started out with the 
smallest indicated number of lags (usually 1, which corresponds to a time lag of one day), 
because this seemed the most reasonable from a theoretical point of view. The optimal 
number of lags was re-determined after every change to the model. Diagnostic tests on 
stability, serial independency, homoskedasticity (stability of variance) and normality were 
applied to the residuals of each model to check whether all assumptions of the VAR analyses 
were met (27). If one of the assumptions of the model was violated, the model was adjusted, 
re-estimated and re-evaluated. If there was residual autocorrelation, an extra lag was added 
to the model. Heteroskedasticity was solved by applying a logtransformation to the series. If 
the residuals were not normally distributed, either logtransformation was applied or a 
dummy variable for outliers (M +/- 3SD of residuals) was added as an exogenous variable. 
After estimation of the model, coefficients of parameters not contributing to the model (p 
<.30) were constrained, meaning that they were set to 0 and the parameters were thus 
effectively excluded from the model. The model was reestimated after placing each 
constraint. If the Bayesian Information Criterion (BIC) did not indicate a worsening of the 
model fit, the constraint was maintained. Parameters with the highest p-values were 
constrained first (27). A two-tailed α level of .05 was used to determine statistical 
significance. To determine the direction of the association, Granger causality tests were 
performed. Variable A is said to ‘‘Granger cause’’ variable B if past values of A and B give a 
better prediction of B than past values of B alone (27). If the Granger causality test showed a 
significant result, coefficients of the concerning variables were used to determine the sign 
(positive or negative) and size of this cross-lagged association. Contemporaneous 
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correlations, which represent relationships between stress and FSS on the same day, were 
considered separately. In VAR, these correlations can be calculated from the residuals of the 





Subject Characteristics and Recorded Measures 
Table 1 shows the characteristics of the participants and the recorded diary measures. The 
sample of which data were analysed comprised 20 subjects (17 females, 3 males) aged 29-59 
years (M = 45, SD = 9). Muscle pain was the most common type of FSS and was recorded by 
13 subjects (65%). Joint pain was recorded by 8 subjects (40%) and headache, abdominal 
pain and bowel symptoms were each recorded by 7 subjects (35%). Although the exact 
duration of symptoms was not recorded, interviews revealed that all symptoms were 
persistent, and most had been present for several years. The length of the time series varied 
between 63 and 100 days (M = 86, SD = 7), which corresponds to a total amount of 
observations ranging from 126 to 200 (M =172, SD 14). The percentage of missing data from 
the original data sets varied between 0 and 22.5 (M = 7.4, SD = 6.6).  
 
Description of the Models 
In total, 60 models were evaluated: three models for each of the 20 participants, 
corresponding to the three different FSS they recorded. A significant effect of the variable 
‘time’ (date) was seen in 32 of the 60 models (53%), meaning that there was a significant 
trend over time for stress and/or FSS. In 25 of these 32 models (78%) this concerned a trend 
in the time series of FSS, with 14 increasing and 11 decreasing trends. Sixteen of the 32 
models (50%) contained a trend in the time series of stress. These were all decreasing trends. 
Days of the week significantly contributed to 36 out of the 60 models (60%), meaning that 
there was a weekly rhythm in the time series of these models. For 34 models (57%), the 
optimum lag length was 1, which implies that only values of the preceding day contained 
relevant information for current values. An optimal lag length of 2 lags was indicated for 17 
of the models (28%). For the remaining 9 models (15%), 3-7 lags were most appropriate.  
 
Contemporaneous Correlations between Stress and FSS 
Table 2 summarizes the results of the VAR analyses that were performed. For the sake of 
clarity, we chose to only show significant associations (p<.05). The exact p-values and 
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correlations, which represent relationships between stress and FSS on the same day, were 
considered separately. In VAR, these correlations can be calculated from the residuals of the 





Subject Characteristics and Recorded Measures 
Table 1 shows the characteristics of the participants and the recorded diary measures. The 
sample of which data were analysed comprised 20 subjects (17 females, 3 males) aged 29-59 
years (M = 45, SD = 9). Muscle pain was the most common type of FSS and was recorded by 
13 subjects (65%). Joint pain was recorded by 8 subjects (40%) and headache, abdominal 
pain and bowel symptoms were each recorded by 7 subjects (35%). Although the exact 
duration of symptoms was not recorded, interviews revealed that all symptoms were 
persistent, and most had been present for several years. The length of the time series varied 
between 63 and 100 days (M = 86, SD = 7), which corresponds to a total amount of 
observations ranging from 126 to 200 (M =172, SD 14). The percentage of missing data from 
the original data sets varied between 0 and 22.5 (M = 7.4, SD = 6.6).  
 
Description of the Models 
In total, 60 models were evaluated: three models for each of the 20 participants, 
corresponding to the three different FSS they recorded. A significant effect of the variable 
‘time’ (date) was seen in 32 of the 60 models (53%), meaning that there was a significant 
trend over time for stress and/or FSS. In 25 of these 32 models (78%) this concerned a trend 
in the time series of FSS, with 14 increasing and 11 decreasing trends. Sixteen of the 32 
models (50%) contained a trend in the time series of stress. These were all decreasing trends. 
Days of the week significantly contributed to 36 out of the 60 models (60%), meaning that 
there was a weekly rhythm in the time series of these models. For 34 models (57%), the 
optimum lag length was 1, which implies that only values of the preceding day contained 
relevant information for current values. An optimal lag length of 2 lags was indicated for 17 
of the models (28%). For the remaining 9 models (15%), 3-7 lags were most appropriate.  
 
Contemporaneous Correlations between Stress and FSS 
Table 2 summarizes the results of the VAR analyses that were performed. For the sake of 
clarity, we chose to only show significant associations (p<.05). The exact p-values and 
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 2. Summary of Results from VAR Analyses. 
 




Stress → FSS 
Cross-lagged 
association  
FSS → Stress 
1 Muscle pain +   + L2+ 
 Headache  ± L2+, L3- ± L1-, L3+ 
 Dyspepsia      
2 Muscle pain   + - L3- - L3- 
 Tight throat                                - L1-, L3- - L3- 
 Dyspepsia    - L2- + L2+ 
3 Muscle pain    + L1+ ± L1-, L2+ 
 Pelvic pain    ± L2-, L3+    
 Dyspepsia                                   +     
4 Muscle pain -     
 Headache -   - L3- 
 Abdominal pain      
5 Muscle pain  - L3- ± L1-, L2+, L3- 
 Dyspepsia      
 Abdominal pain      
6 Muscle pain + + L1+   
 Chest pain       
 Abdominal pain +     
7 Muscle pain  - L1- - L1- 
 Weakness    - L1- 
 Bowel symptoms    + L1+ 
8 Muscle pain      
 Nausea       + L1+, L2+ ± L1+, L2- 
 Numbness      
9 Muscle pain                           
 Bowel symptoms            
 Nausea                              +     
10 Joint pain       
 Bowel symptoms                  
 Headache                               
11 Joint pain      
 Bowel symptoms + - L3- - L3-, L5- 
 Headache  + L1+   
12 Joint pain       
 Weakness      
 Headache - ± L2-, L4+ + L4+ 
13 Joint pain  - L1-   
 Muscle pain +     
 Abdominal pain      
 































































































































































































































































































































































































































































































Table 2. Summary of Results from VAR Analyses. 
 




Stress → FSS 
Cross-lagged 
association  
FSS → Stress 
1 Muscle pain +   + L2+ 
 Headache  ± L2+, L3- ± L1-, L3+ 
 Dyspepsia      
2 Muscle pain   + - L3- - L3- 
 Tight throat                                - L1-, L3- - L3- 
 Dyspepsia    - L2- + L2+ 
3 Muscle pain    + L1+ ± L1-, L2+ 
 Pelvic pain    ± L2-, L3+    
 Dyspepsia                                   +     
4 Muscle pain -     
 Headache -   - L3- 
 Abdominal pain      
5 Muscle pain  - L3- ± L1-, L2+, L3- 
 Dyspepsia      
 Abdominal pain      
6 Muscle pain + + L1+   
 Chest pain       
 Abdominal pain +     
7 Muscle pain  - L1- - L1- 
 Weakness    - L1- 
 Bowel symptoms    + L1+ 
8 Muscle pain      
 Nausea       + L1+, L2+ ± L1+, L2- 
 Numbness      
9 Muscle pain                           
 Bowel symptoms            
 Nausea                              +     
10 Joint pain       
 Bowel symptoms                  
 Headache                               
11 Joint pain      
 Bowel symptoms + - L3- - L3-, L5- 
 Headache  + L1+   
12 Joint pain       
 Weakness      
 Headache - ± L2-, L4+ + L4+ 
13 Joint pain  - L1-   
 Muscle pain +     
 Abdominal pain      
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Table 2 (continued). Summary of Results from VAR Analyses. 
 
14 Joint pain      
 Muscle pain      
 Bowel symptoms    - L1- 
15 Joint pain       
 Back pain  +     
 Bowel symptoms  ± L1-, L2+   
16 Abdominal pain    - L1- 
 Joint pain      
 Chest pain      
17 Abdominal pain      
 Muscle pain      
 Tight throat                                + L1+   
18 Bowel symptoms  + L1+ + L1+ 
 Muscle pain                           
 Headache                               
19 Tight throat                                + L1+   
 Abdominal pain + ± L3+, L4-, L7- ± L1+, L2-, L3+ 
 Headache + + L1+ + L1+ 
20 Pelvic pain  + L2+   
 Joint pain  + L1+   
 Nausea  + L1+   
Note: FSS = Functional Somatic Symptom; + denotes a significant positive association; - denotes a significant negative 
association; ± denotes a significant mixed association; L1, lag 1; L2, Lag 2 etc.         
 
In 11 subjects (55%), a significant contemporaneous correlation was found between stress 
and one or more FSS. This indicates that stress and FSS at the same day were correlated. In 9 
of these 11 subjects (45% of all subjects) contemporaneous correlations were positive (ID 1, 
2, 3, 6, 9, 11, 13, 15, and 19). In 2 subjects (10% of all subjects) a negative contemporaneous 
correlation between stress and FSS was found (ID 4 and 12). The size of the significant 
correlation coefficients ranged from 0.22 to 0.45. 
 
Cross-lagged Associations between Stress and FSS  
In table 2, significant results from the Granger Causality tests are represented by a sign (+, -, 
or ±), corresponding to an overall positive, negative or mixed cross-lagged association. A 
mixed association indicates mixed results within a model; for example a positive coefficient 
in the first lag and negative coefficient in the second lag. In 16 subjects (80%), changes in 
one or more FSS were significantly predicted by preceding changes in stress. A positive 
association between stress and FSS was found in 6 subjects (30% of all subjects) (ID 6, 8, 17, 
18, 19, and 20), meaning that an increase in stress was followed by an increase in one or 
more FSS. ID 19 was considered as having an overall positive association, despite having one 
 
 
mixed association, because 2 out of 3 models showed positive associations and the third had 
a positive coefficient in the first significant lag. A negative association was found in 4 
subjects (20%) (ID 2, 5, 7, and 13), meaning that an increase in stress was followed by a 
decrease in one or more FSS. In 5 subjects (25%) mixed results were found (ID 1, 3, 11, 12, 
and 15), meaning that results within one of the symptom models were mixed or that models 
for different FSS of one subject showed mixed results.  
 
In 13 subjects (65%), changes in stress were significantly predicted by preceding changes in 
one or more FSS. A positive association was found in 3 subjects (15% of all subjects) (ID 12, 
18, and 19), meaning that an increase in one or more FSS was followed by an increase in 
stress. Again, ID 19, despite having one mixed association, was considered as having an 
overall positive association, because one model showed a positive association and another 
model showed a positive coefficient in the first significant lag. In 4 subjects (20%) a negative 
association was found (ID 4, 11, 14, and 16), meaning that an increase in one or more FSS 
was followed by a decrease in stress. Mixed results were found in 6 subjects (30%) (ID 1, 2, 3, 
5, 7, and 8). 
 
Most significant associations were found in the first lag. In case of a positive association with 
stress as a predictor, this means that an increase in stress is followed by an increase in FSS 
the following day. The size of the coefficients (B) belonging to significant cross-lagged 
associations ranged from 0.05 to 1.24. A first-lag coefficient of 0.50 with stress as a predictor 
means that an increase of 10 units (points on the VAS scale with a range between 1 and 150) 
of stress is followed by an increase in FSS of 5 units the following day. 
 
Symptom-Specific Differences 
Table 3 shows the number of significant results of the Granger Causality tests for four 
different clusters of FSS. By comparing the percentages of significant associations between 
stress and FSS, no prominent differences between the different types of FSS were 
discovered.  
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Table 2 (continued). Summary of Results from VAR Analyses. 
 
14 Joint pain      
 Muscle pain      
 Bowel symptoms    - L1- 
15 Joint pain       
 Back pain  +     
 Bowel symptoms  ± L1-, L2+   
16 Abdominal pain    - L1- 
 Joint pain      
 Chest pain      
17 Abdominal pain      
 Muscle pain      
 Tight throat                                + L1+   
18 Bowel symptoms  + L1+ + L1+ 
 Muscle pain                           
 Headache                               
19 Tight throat                                + L1+   
 Abdominal pain + ± L3+, L4-, L7- ± L1+, L2-, L3+ 
 Headache + + L1+ + L1+ 
20 Pelvic pain  + L2+   
 Joint pain  + L1+   
 Nausea  + L1+   
Note: FSS = Functional Somatic Symptom; + denotes a significant positive association; - denotes a significant negative 
association; ± denotes a significant mixed association; L1, lag 1; L2, Lag 2 etc.         
 
In 11 subjects (55%), a significant contemporaneous correlation was found between stress 
and one or more FSS. This indicates that stress and FSS at the same day were correlated. In 9 
of these 11 subjects (45% of all subjects) contemporaneous correlations were positive (ID 1, 
2, 3, 6, 9, 11, 13, 15, and 19). In 2 subjects (10% of all subjects) a negative contemporaneous 
correlation between stress and FSS was found (ID 4 and 12). The size of the significant 
correlation coefficients ranged from 0.22 to 0.45. 
 
Cross-lagged Associations between Stress and FSS  
In table 2, significant results from the Granger Causality tests are represented by a sign (+, -, 
or ±), corresponding to an overall positive, negative or mixed cross-lagged association. A 
mixed association indicates mixed results within a model; for example a positive coefficient 
in the first lag and negative coefficient in the second lag. In 16 subjects (80%), changes in 
one or more FSS were significantly predicted by preceding changes in stress. A positive 
association between stress and FSS was found in 6 subjects (30% of all subjects) (ID 6, 8, 17, 
18, 19, and 20), meaning that an increase in stress was followed by an increase in one or 
more FSS. ID 19 was considered as having an overall positive association, despite having one 
 
 
mixed association, because 2 out of 3 models showed positive associations and the third had 
a positive coefficient in the first significant lag. A negative association was found in 4 
subjects (20%) (ID 2, 5, 7, and 13), meaning that an increase in stress was followed by a 
decrease in one or more FSS. In 5 subjects (25%) mixed results were found (ID 1, 3, 11, 12, 
and 15), meaning that results within one of the symptom models were mixed or that models 
for different FSS of one subject showed mixed results.  
 
In 13 subjects (65%), changes in stress were significantly predicted by preceding changes in 
one or more FSS. A positive association was found in 3 subjects (15% of all subjects) (ID 12, 
18, and 19), meaning that an increase in one or more FSS was followed by an increase in 
stress. Again, ID 19, despite having one mixed association, was considered as having an 
overall positive association, because one model showed a positive association and another 
model showed a positive coefficient in the first significant lag. In 4 subjects (20%) a negative 
association was found (ID 4, 11, 14, and 16), meaning that an increase in one or more FSS 
was followed by a decrease in stress. Mixed results were found in 6 subjects (30%) (ID 1, 2, 3, 
5, 7, and 8). 
 
Most significant associations were found in the first lag. In case of a positive association with 
stress as a predictor, this means that an increase in stress is followed by an increase in FSS 
the following day. The size of the coefficients (B) belonging to significant cross-lagged 
associations ranged from 0.05 to 1.24. A first-lag coefficient of 0.50 with stress as a predictor 
means that an increase of 10 units (points on the VAS scale with a range between 1 and 150) 
of stress is followed by an increase in FSS of 5 units the following day. 
 
Symptom-Specific Differences 
Table 3 shows the number of significant results of the Granger Causality tests for four 
different clusters of FSS. By comparing the percentages of significant associations between 
stress and FSS, no prominent differences between the different types of FSS were 
discovered.  
 
Chapter 9170   |
  
Table 3. Significant Cross-lagged Associations between Stress and FSS for Different Types of 
FSS. 
 
 Stress → FSS FSS → Stress 
 + - + - 
Musculoskeletal (n=25) 3 (12%) 4 (16%) 1 (4%) 3 (12%) 
Gastrointestinal (n=23) 4 (17%) 2 (9%) 3 (13%) 3 (13%) 
Cardiopulmonary (n=5) 2 (40%) 1 (20%) 0 (0%) 1 (20%) 
General (n=7) 2 (29%) 0 (0%) 2 (29%) 1 (14%) 
Note: FSS, Functional Somatic Symptom; + denotes a positive association; - denotes a negative association; n, total 




The present study was designed to elucidate within-subject relationships between stress and 
FSS in 20 patients with multiple, persistent FSS. Many different temporal patterns between 
stress and FSS were discovered. In some subjects, an increase in stress was followed by an 
increase in FSS.  In others a reverse association was found, meaning that an increase in FSS 
was followed by an increase in stress. Surprisingly, we also found negative associations 
between stress and FSS in a number of subjects. We did not find specific types of symptoms 
to be more stress-related than others. 
 
The biggest strength of this study, that sets it apart from most previous studies on the 
relationship between stress and FSS, is its within-subject approach. This approach enabled us 
to describe the various temporal patterns between these variables in different individuals. 
Because of the repeated measurements and use of a sophisticated statistical technique, 
temporal precedence could be established. Furthermore, the longitudinal design and use of 
an electronic diary prevented part of the recall biases that formed a major limitation in other 
studies.  
 
A limitation of the current study is the fact that the sampling protocol of the original study 
was not designed specifically for the statistical technique that was used in this study.  As a 
consequence, intervals between measurements were not exactly equal, which is a basic 
requirement for VAR modelling. To solve this problem, a daily average was computed for 
stress as well as FSS and the intervals (of one day) were considered to be equal. Secondly, 
because of the intensive measurement protocol, a rather crude measure was used to assess 
stress. Even though participants were briefed about the meaning of the items at the start of 
the study, it is still possible that they differently interpreted the concept of ‘stress’, which is a 




This study was designed to help answer the question whether FSS can be triggered or 
maintained by psychosocial stress. Prior multilevel analysis of the data used in the current 
study showed a weak association between stress and FSS, but substantial between-subject 
heterogeneity (21). The current study illuminates this heterogeneity. 
Our finding that an increase in stress was followed by an increase in one or more FSS in 6 
subjects (30%), roughly matches the findings of two other studies that also analysed their 
data on an individual basis. One of these studies examined the relationship between daily 
hassles and FSS in 30 patients with irritable bowel syndrome (17). In 13 (43%) of those 
subjects, symptoms could be predicted by stress in the previous 4 days. Yet, closer 
inspection revealed that this concerned a positive association in 6 subjects (20%) and a 
negative or mixed association in 7 subjects. Another study found a positive association 
between previous-day stressors and symptoms of fibromyalgia in 1 out of 12 subjects (8%) 
(29). Despite the different symptoms and populations studied, all three studies indicate that 
a subset of participants shows a positive association between previous levels of stress and 
FSS. 
A reverse association was found in 3 subjects (15%), in whom an increase in one or more FSS 
was followed by an increase in stress. Only one other study approached the relationship 
between stress and FSS bidirectionally and found that in 11 out of 30 subjects (37%) stress 
could be predicted by symptoms in the previous 4 days, yet this only concerned a positive 
association in 4 subjects (13%) (17). The other 7 subjects showed a negative or mixed 
association.  
In contrast with our expectations, we also found negative associations between stress and 
FSS in a substantial number of subjects. While not always specifically mentioned, other 
studies also encountered this phenomenon (17, 29). We can only speculate on the 
underlying mechanisms of these negative associations. An increase in stress may be followed 
by a decrease in FSS due to reduced attention for physical sensations during stressful 
situations. Distraction has been shown to reduce physical symptoms (30). A decrease in 
stress following an increase in FSS may be explained by specific behavioral responses to FSS 
(like taking a rest), which decrease the exposure to stressful situations. Moreover, expressing 
complaints might elicit attention and support from others, which in turn might reduce the 
level of stress. Further research is necessary to investigate these hypotheses. 
 
Apart from answering the research questions, this study offers a first step towards a new 
approach to characterize and treat patients with FSS. Because few within-subject studies 
have been performed in this field, the optimal study design has not yet been established. In 
order to gain more insight into the mechanisms of the relationships between stress and FSS, 
it would be interesting to use a more elaborate measure of stress and include the occurrence 
of specific stressors. As to the measurement interval; 1 or 2 lags were used for the majority 
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Table 3. Significant Cross-lagged Associations between Stress and FSS for Different Types of 
FSS. 
 
 Stress → FSS FSS → Stress 
 + - + - 
Musculoskeletal (n=25) 3 (12%) 4 (16%) 1 (4%) 3 (12%) 
Gastrointestinal (n=23) 4 (17%) 2 (9%) 3 (13%) 3 (13%) 
Cardiopulmonary (n=5) 2 (40%) 1 (20%) 0 (0%) 1 (20%) 
General (n=7) 2 (29%) 0 (0%) 2 (29%) 1 (14%) 
Note: FSS, Functional Somatic Symptom; + denotes a positive association; - denotes a negative association; n, total 




The present study was designed to elucidate within-subject relationships between stress and 
FSS in 20 patients with multiple, persistent FSS. Many different temporal patterns between 
stress and FSS were discovered. In some subjects, an increase in stress was followed by an 
increase in FSS.  In others a reverse association was found, meaning that an increase in FSS 
was followed by an increase in stress. Surprisingly, we also found negative associations 
between stress and FSS in a number of subjects. We did not find specific types of symptoms 
to be more stress-related than others. 
 
The biggest strength of this study, that sets it apart from most previous studies on the 
relationship between stress and FSS, is its within-subject approach. This approach enabled us 
to describe the various temporal patterns between these variables in different individuals. 
Because of the repeated measurements and use of a sophisticated statistical technique, 
temporal precedence could be established. Furthermore, the longitudinal design and use of 
an electronic diary prevented part of the recall biases that formed a major limitation in other 
studies.  
 
A limitation of the current study is the fact that the sampling protocol of the original study 
was not designed specifically for the statistical technique that was used in this study.  As a 
consequence, intervals between measurements were not exactly equal, which is a basic 
requirement for VAR modelling. To solve this problem, a daily average was computed for 
stress as well as FSS and the intervals (of one day) were considered to be equal. Secondly, 
because of the intensive measurement protocol, a rather crude measure was used to assess 
stress. Even though participants were briefed about the meaning of the items at the start of 
the study, it is still possible that they differently interpreted the concept of ‘stress’, which is a 




This study was designed to help answer the question whether FSS can be triggered or 
maintained by psychosocial stress. Prior multilevel analysis of the data used in the current 
study showed a weak association between stress and FSS, but substantial between-subject 
heterogeneity (21). The current study illuminates this heterogeneity. 
Our finding that an increase in stress was followed by an increase in one or more FSS in 6 
subjects (30%), roughly matches the findings of two other studies that also analysed their 
data on an individual basis. One of these studies examined the relationship between daily 
hassles and FSS in 30 patients with irritable bowel syndrome (17). In 13 (43%) of those 
subjects, symptoms could be predicted by stress in the previous 4 days. Yet, closer 
inspection revealed that this concerned a positive association in 6 subjects (20%) and a 
negative or mixed association in 7 subjects. Another study found a positive association 
between previous-day stressors and symptoms of fibromyalgia in 1 out of 12 subjects (8%) 
(29). Despite the different symptoms and populations studied, all three studies indicate that 
a subset of participants shows a positive association between previous levels of stress and 
FSS. 
A reverse association was found in 3 subjects (15%), in whom an increase in one or more FSS 
was followed by an increase in stress. Only one other study approached the relationship 
between stress and FSS bidirectionally and found that in 11 out of 30 subjects (37%) stress 
could be predicted by symptoms in the previous 4 days, yet this only concerned a positive 
association in 4 subjects (13%) (17). The other 7 subjects showed a negative or mixed 
association.  
In contrast with our expectations, we also found negative associations between stress and 
FSS in a substantial number of subjects. While not always specifically mentioned, other 
studies also encountered this phenomenon (17, 29). We can only speculate on the 
underlying mechanisms of these negative associations. An increase in stress may be followed 
by a decrease in FSS due to reduced attention for physical sensations during stressful 
situations. Distraction has been shown to reduce physical symptoms (30). A decrease in 
stress following an increase in FSS may be explained by specific behavioral responses to FSS 
(like taking a rest), which decrease the exposure to stressful situations. Moreover, expressing 
complaints might elicit attention and support from others, which in turn might reduce the 
level of stress. Further research is necessary to investigate these hypotheses. 
 
Apart from answering the research questions, this study offers a first step towards a new 
approach to characterize and treat patients with FSS. Because few within-subject studies 
have been performed in this field, the optimal study design has not yet been established. In 
order to gain more insight into the mechanisms of the relationships between stress and FSS, 
it would be interesting to use a more elaborate measure of stress and include the occurrence 
of specific stressors. As to the measurement interval; 1 or 2 lags were used for the majority 
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(85%) of the models in this study, indicating that information of the previous 1 or 2 days 
contained relevant information for current values. Capturing the variation of stress and FSS 
throughout the day would require a study design with a regular sampling interval of a few 
hours. Study designs must trade off intensity of sampling within days against duration of 
follow up, and this study favoured the latter. Because previous research has shown that 
focusing on physical symptoms could actually aggravate them (30), one could wonder 
whether recording symptoms on a daily basis could cause a reactive increase in symptoms. 
We found an increase over time in 14 out of 60 FSS (23%). On the other hand, 11 FSS (18%) 
decreased over time. As the majority of subjects did not show an increasing trend in the time 
series of FSS, we conclude that the recording of physical symptoms by means of a diary does 
not necessarily cause an increase in symptoms.  
 
The results of time-series analyses could possibly contribute to a more patient-tailored 
treatment. When a patient shows an increase in FSS following an increase in stress (for 
example ID 20), reducing the amount of stressful situations that this patient encounters or 
acquiring better coping strategies might reduce FSS. On the other hand, when a patient 
shows a decrease in FSS following an increase in stress (for example ID 2) this might mean 
that stressful situations distract the patient from the experience of physical symptoms. 
Looking for distracting (preferably non-stressful) activities might reduce FSS in this patient. 
Additional research is necessary to investigate whether applying these personalized 
interventions would actually decrease the level of FSS, which would support the validity of 
the individual results. Besides such clinical validation, studying the stability of models within 
individuals is another important next step. Although the number of models per individual in 
the current study was limited, there is still a possibility of making false discoveries because of 




In conclusion, the current study shows that stress is not a universal predictor of FSS; neither 
are FSS a source of stress in all patients. Determining these patterns within individuals might 
contribute to a more patient-tailored treatment. However, the clinical value of these 
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(85%) of the models in this study, indicating that information of the previous 1 or 2 days 
contained relevant information for current values. Capturing the variation of stress and FSS 
throughout the day would require a study design with a regular sampling interval of a few 
hours. Study designs must trade off intensity of sampling within days against duration of 
follow up, and this study favoured the latter. Because previous research has shown that 
focusing on physical symptoms could actually aggravate them (30), one could wonder 
whether recording symptoms on a daily basis could cause a reactive increase in symptoms. 
We found an increase over time in 14 out of 60 FSS (23%). On the other hand, 11 FSS (18%) 
decreased over time. As the majority of subjects did not show an increasing trend in the time 
series of FSS, we conclude that the recording of physical symptoms by means of a diary does 
not necessarily cause an increase in symptoms.  
 
The results of time-series analyses could possibly contribute to a more patient-tailored 
treatment. When a patient shows an increase in FSS following an increase in stress (for 
example ID 20), reducing the amount of stressful situations that this patient encounters or 
acquiring better coping strategies might reduce FSS. On the other hand, when a patient 
shows a decrease in FSS following an increase in stress (for example ID 2) this might mean 
that stressful situations distract the patient from the experience of physical symptoms. 
Looking for distracting (preferably non-stressful) activities might reduce FSS in this patient. 
Additional research is necessary to investigate whether applying these personalized 
interventions would actually decrease the level of FSS, which would support the validity of 
the individual results. Besides such clinical validation, studying the stability of models within 
individuals is another important next step. Although the number of models per individual in 
the current study was limited, there is still a possibility of making false discoveries because of 




In conclusion, the current study shows that stress is not a universal predictor of FSS; neither 
are FSS a source of stress in all patients. Determining these patterns within individuals might 
contribute to a more patient-tailored treatment. However, the clinical value of these 
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